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The photocapacitance method is applied to the n-type GaAs crystal in which the excess arsenic 
atoms are introduced by the 67 h annealing at 900 “C under extremely high arsenic vapor pressure 
of 1950 Torr. The ion density photocapacitance spectra and the temperature dependencies of the 
photoinduced ion density measurements reveal two photoquenching levels with different level 
positions and thermal recovery temperatures, respectively. 0 1995 American Institute of Physics. 
The most important factor to be controlled in compound 
semiconductor crystals is the deviation from the stoichio- 
metric composition. Recently, much attention has been de- 
voted to the excess arsenic-atom related defects in GaAs due 
to its serious effects on the resistivity control and the activa- 
tion efficiency of implanted impurity atoms. 
Nishizawa et al. applied the photocapacitance (PHCAP) 
method’ under constant capacitance condition to reveal the 
stoichiometry-dependent deep levels in GaAs crystals pre- 
pared by long-time annealing under controlled arsenic vapor 
pressure.a9 It is shown that the dominant deep levels in n- 
and p-type GaAs are stoichiometry dependent and that the 
excess arsenic atom-related levels are introduced by the an- 
nealing under high arsenic vapor pressure.” 
In view of basic research, many researchers have also 
been attracted by the unusual photoresponse of the 
photoconductivity,’ the PHCAP,6 and the photo- 
luminescence.7 It is well known that the photoquenching 
(PQ) phenomenon of GaAs is the excess arsenic atom-related 
phenomenon. It was also shown that the spectral distribution 
of the photoquenching phenomenon ranges between -1.0 
and 1.51 eV at 77 K.2 
In this communication, the PHCAP method is applied to 
the n-type GaAs crystal where the excess arsenic atoms are 
introduced by the annealing under controlled arsenic vapor 
pressure. The ion density photocapacitance spectra and the 
temperature dependencies of the ion density measurements 
reveal two sorts of the photoquenching levels and determine 
the level positions and the thermal recovery temperatures for 
each level. 
The samples used were intentionally undoped horizontal 
Bridgman (HB) GaAs (n =4X 1016 m-3) prepared by the an- 
nealing at 900 “C for 67 h under the extremely high arsenic 
vapor pressure of 1950 Ton: As reported previously,2 only 
the EC-O.72 eV level is detected in this heat-treated sample in 
the spectral range of 0.4-0.9 eV. Details of the sample 
preparation will be shown elsewhere.2 
In the present PHCAP measurements, the constant ca- 
pacitance method is used to determine the measured deple- 
tion layer thickness regardless of the change of the ion den- 
sity due to the ionization of the deep levels. Therefore, under 
the fixed junction capacitance C, the change of ion density 
AN, is measured by the change of the bias voltage (AV& as 
a function of the wavelength and the temperature (AV,,,-T 
measurements). AV,, value relates directly with the change 
of the ion density as 
AVrh=g ANt=& AN,, 
where W is the depletion layer thickness determined by the 
junction capacitance C, E is the dielectric constant of GaAs, 
and AN, is the change of the ion density. Precise description 
of the PHCAP method will be also referred elsewhere.” 
Figure 1 shows the AVp,-T results obtained from the 
temperature dependencies of the ion density PHCAP mea- 
surements. The measurements were carried out as follows. 
After the completion of the photoquenching phenom- 
enon by the 1.10 eV light irradiation at 45 K, the change of 
the ion density is measured by the A VP,-T method under the 
constant capacitance condition with 0.75 eV light irradiation 
as a function of the sample temperature. The 0.75 eV-light 
irmdiation is used to induce the ionization of the thermally 
recovered EC-O.72 eV level during the thermal recovery phe- 
nomenon of the photoquenching levels. As shown in Fig. 1, 
the ion density increases drastically at 110.6-I 12.1 K and 
118.5- 120.1 K. Whereas the nonannealed samples also show 
the increase of the ion density at around 110 K due to the 
thermal recovery of the photoquenching phenomenon,’ GaAs 
crystals with much excess arsenic atoms show the increase of 
ion density at two temperatures. This result can be well un- 
derstood in view of the thermal recovery phenomenon of two 
photoquenching levels as follows. 
By the 1.10 eV light irradiation at 45 K, it has been 
already reported by the authors2 that the EC-O.72 eV level 
changes its defect structure to one which is not excited by 
0.75 or 1.10 eV light irradiation. As the sample temperature 
rises, the thermal recovery is induced at the specific tempera- 
ture of 110.6-112.1 K and 118.5-120.1 K, respectively. 
Then the 0.75 eV light, which is irradiated during the 
AV,,-T measurements, can induce the ionization of the re- 
covered EC-O.72 eV level. We denote here the two sorts pho- 
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PIG. 1. Temperature dependencies of the ion density spectrum (AV,,-T 
spectrum) obtained by the PHCAP measurements under  the constant capaci- 
tance condit ions with 0.75 eV light irradiation for the excitation light. 
Samples used were intentionally undoped HB GaAs prepared by anneal ing 
under  controlled arsenic vapor  pressure. 
toquenching levels as Ll (recovery occurs at 110.6- 112.1 K) 
and L2 (recovery occurs at 118.5-120.1 K), respectively. 
In order to determine the threshold photon energy for the 
photoquenching phenomenon, the PHCAP measurements 
were carried out at around the thermal recovery temperature 
of these levels. Figure 2 shows the ion density PHCAP spec- 
tra obtained at 108, 115, and 122 K. The present AVph-2' 
results show that the both photoquenching levels are not 
thermally recovered at 108 K. In addition, whereas the Ll 
level can be thermally recovered at 115 K, the L2 level can- 
not be recovered. At 122  K, both the Ll and L2 levels are 
thermally recovered completely. Therefore, as shown in Fig. 
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PIG. 2. Ion density PHCAP spectra obtained at 108,  115,  and  122  K, re- 
spectively, by  applying forward bias injection in the dark before each pho-  
toexcitation. The decrease of ion density indicated by the arrows shows the 
photoquenching phenomenon.  
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FIG. 3. Ion density PHCAP spectra measured after 1.20 eV light irradiation 
at 11.5 and  122  K. The decrease of the ion density is induced by the electron 
transition from the valence band to the ionized donor  levels. 
2, the 122 K PHCAP spectrum shows no photoquenching 
phenomenon. However, at 115 K, one photoquenching phe- 
nomenon can be observed at the threshold photon energy of 
0.98-1.04 eV. At 108 K, the two photoquenching phenom- 
ena have been observed at 0.98 - 1.04 eV and 1.04- 1.07 eV, 
respectively. 
In view of the AVph-T results mentioned above, it is 
concluded that the Ll level is photoquenched by the 1.04- 
1.07 eV light irradiation and is thermally recovered at 
110.6- 112.1 K. On another photoquenching level, L2, the 
photoquenching phenomenon is induced by the 0.98-1.04 
eV light irradiation and the thermal recovery phenomenon is 
occurred at 118.5-120.1 K. 
Next, the ion density PHCAP measurements after light 
irradiation was measured in order to determine the ionized 
level positions of these photoquenching levels. Figure 3 
shows the PHCAP spectra measured after 1.20 eV light irra- 
diation at 115 and 122 K. At 115 K, the decrease of ion 
density was observed only at 0.78 eV. However, the 122 K 
measurements show the decrease of the ion density both at 
0.74 and 0.78 eV. In the present measurement conditions, the 
decrease of the ion density is due to the neutralization of the 
ionized donor levels. These results can be well understood in 
view of the thermal recovery effect and the formation of the 
ionized levels of two sorts of the photoquenching levels as 
follows. 
At 115 K, only the Ll level is thermally recovered after 
the photoquenching phenomenon and the 1.20 eV light .&r-a- 
diation induces the ionized level. However, the L2 level is 
photoquenched by the 1.20 eV light irradiation under the 
reverse bias condition because the 115 K is below the ther- 
mal recovery temperature of the L2 level. On the other hand, 
both photoquenching levels (Ll and L2) can be thermally 
recovered at 122 K, where the 1.20 eV Light irradiation in- 
duces the ionized levels of these photoquenching levels. 
Therefore, it is considered that the 115 K PHCAP measure- 
ments after light irradiation reveal only one sort of ionized 
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FIG. 4. Simple flat band energy diagram to summarize the results of the two photoquenching level positions including the thermal recovery characteristics. 
level, but the 122 K measurements after light irradiation de- 
tect two sorts of the ionized levels. From the spectroscopic 
considerations mentioned above, it is concluded that the ion- 
ized level positions of the Ll and L2 level is determined to 
be 0.78 and 0.74 eV above the valence band, respectively. 
Figure 4 shows the simple flat band energy diagram to sum- 
marize the present results on two photoquenching level po- 
sitions including the thermal recovery characteristics. 
In conclusion, the ion density PHCAP measurements 
were applied to the intentionally-undoped HB GaAs 
In =4X lOI cm-s) prepared by annealing at 900 “C for 67 h 
under the extremely high arsenic vapor pressure. The tem- 
perature dependencies of the ion density (AV,,-T measure- 
ments) reveal two photoquenching levels with different pho- 
toquenching threshold energies, the thermal recovery 
temperatures, and ionized level positions. It is shown that 
one photoquenching level (Ll) is photoquenched by the 
1.04-1.07 eV light irradiation and is thermally recovered at 
110.6-l 12.1 K. The ionized level position of the Ll level is 
determined to be 0.78 eV above the valence band. Another 
photoquenching level (L2) is photoquenched by the 0.98- 
1.04 eV light irradiation and is thermally recovered at 118.5 
120.1 K. The ionized level position of the L2 level is also 
determined to be 0.74 eV above the valence band. 
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